ABSTRACT. This paper presents the influence coefficient method of determining the locations of unbalances on a flexible rotor system and the correction weights. A computer software for calculating the at-the-site balancing of a flexible rotor sys.tern was created using c++ language at the Hanoi University of Technology. This software can be used by balancing flexible rotors in Vietnam.
Introduction
The well-known methods of the at-the-site balancing of flexible rotors (the method of three time starting the trial weights, the vector triangle, the sensitivity) were successfully used to balance separate flexible rotors at the site. However, the efficiency of these balancing methods depends a lot on the correctness of the analysis of the vibration modes of separate rotors. Nowadays, rotors are manufactured longer and longer, many rotors are connected with each other. After manufacture, rotors are separately balanced before leaving the production workshop, but by connecting many rotors together, the separate balance status disappears due to mutual interaction of the residual unbalance remaining in each rotor which causes changes in the vibration of the entire system. The methods of separate rotor balancing may reduce vibration of the balanced rotor, but may increase vibration in many points in the other rotors of the system. In order to work safely, the vibration rate in all points of the rotor system, in all regimes, must lie within the permitted standards. Therefore the entire system of rotors must be balanced.
In this paper, the author present the influence coefficient method for balancing flexible rotors [1, 2, 3] . This method is dependent on the basic principle that the influence coefficient matrix is square. In actual balancing, however, the influence coefficient matrix is not necessarily square but is often a non-square matrix. The least-squares balancing method is a method in which correction weights are calculated under the condition of minimizing the sum of the squares of residual vibrations. From this method the computer software for the calculation of the at-the-site balancing of a flexible rotors system was created using c ++ language at the Hanoi University of Technology.
2. Theoretical basis of a programme for balancing calculation 2.1. Concept of influence coefficient Let us call Tj the vibration at the measured point j (j = 1, · ... , J, depending on the measured point and the speed number), Tjk measurement results at y" due to unbalance U in plane k at rotor speed 0, we obtain the following formula:
where ""ii.jk is the proportion coefficient. This coefficient shows the influence of unbalance Uk on the measurement results at jth measured point and is called the influence coefficient.
For convenience, let's have Tjk and Uk in the form of complex numbers, therefore ""ii.jk will also be calculated in complex number.
Determination of influence coefficients with measurement of vibration
The initial unbalance vibration at the mea- 
Influence coefficient matrix and determination of the correction weights
The vibration at Jih point on the rotor due to separate unbalancing Uk (k = 1, ... , K) at all balancing planes according to formula (2.1) is
The system of algebraic equation ( The matrix Ais a complex matrix of size J x K and is called the influence coefficient matrix. The correction weights Uk (k = 1, . . . , K) must be calculated from the balancing condition
In practice there is always residual unbalance vibration ;;;! , we have Substituting (2.7) into (2.9), we obtain
If A is a square and has det A -::/= 0 then from the equation (2.10) we may solve U. In actual balancing, however, the influence coefficient matrix A is not necessarily square but often a non-square matrix. We will consider the following \ cases:
a} Case 1: J = k (the number of measured points is equal to the number of the balancing planes). In this case matrix A is square. Assuming that det A f. O and from (2.lOa) we obtain U = -A-1 (rA -r').
(2.11)
When rf = O, we have the formula to determine the correction weights U (2.12)
According to (2.12) we can determine the 'correction weights Uk (k = 1, ... , K) b) Cases 2: J > K (the number of measured points is more than the number of the balancing planes). This is the case often met in technical practice provided that rf = 0, and from (2.lOa) we have AU= -rA, (2.13) where A is non-square. We have J equations and unknown (K < J) . The problem has many roots . We have to find out the optimal root. We will adjust the errors and see (2.lOa) or (2.lOb) as the error equation and use the least square method to deal with a goal that the total sum of squares of errors is minimum.
The total sum of errors is as follows:
Let's mark Uk = U~ + iU~' then (2.lOb) will be:
By substituting (2.16) into (2.14) F is a function with real variables U~ and Uf:
The condition for function F to reach minimum is:
Thus, as conditions for seeking the correction weights Uk and Uf: that minimize equation (2.17) under equations (2.14) and (2.16) , the following equations must be obtained: 
Flow chart of the programme for balancing calculation
The calculation of a system of correction weights is equivalent to the solving of equation (2.28) and shall be implemented with computer software written inc++ language. Fig. 2 is a fl.ow chart of the above balancing method. In this method, the influence coefficient can be obtained by either calculation or measurement.
Experimental results of verification on mod~ls
In order to verify the correctness of the algorithm and the reliability of the computer calculation programme, the tests were made on rotor model KIT, Model 24750 Bently Nevada (USA), equipment LeCroy 9304A QUAD 200 MHz Oscilloscope {USA).
Experimental model
Rotor KIT is an experimental model for the research of flexible rotor balancing (Fig. 3) , including a motor with adjustable speeds between 0 and 10,000 rpm, a shaft, bearings, two balancing disks with caving-off holes which are proportionally located on such disks for mounting the correction weights. Distance between disks and distance between bearings are also adjustable. Vibration at all points on the shaft are measured with non-contact bridge meters. In Fig. 4 the scheme of the tests is described. Vibration at the measured points at speed of 3000 rpm, after the balancing (Fig.Sa, b, c The balancing quality [4] for all measured points at speed of n = 3000 rpm is 
Motor
K = 0
Conclusion
The influence coefficient method allows us to optimize the system of added balancing weights for all balancing planes at various speeds. It does not depend on types of bearing or pivots, does not limit the number of bearings pivots or the number of shafts in one system of shafts, or the modes of eigenvibration of each shaft, each system of shafts. The least squares method was used to deal with . errors in the calculation of the correction weights and the determination of the members of the matrix of influence coefficients. We can determine the system of added correction weights to assure the efficiency of the balancing process.
The computer software for calculating the correction weights for the at-thesite balancing of the system of flexible rotors, which has been well verified by tests on various models now allows us to carry out the balancing of the entire system of flexible rotors with high efficiency.
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